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WINK IMSTIGATION OF A SERIES OF RELATED HYDRO-SKIS 

AS LOAD-AL;L;FNIATION DEXICES FOR LANDING 

A SE4pLANE IN WAVES 

By Arthur W. Certer,  Archibald E. Morse, Jr., 
md David R. Woodward 

A tank irwestigation b!s beer- made to   deternine  the  effects  of 
hydro-skis as load-alleviation  devices  for  landing a seaplane i n  

sk i  coLfigurations. 
I waves. Landings were made i-rlto or -cdng w m e s  w i t h  vmious hydro- 

c A nose-high at t i tude throughout  the  landing run was effect ive  in  
reducir?g the impact accelerations and motions of the rnodel equipped 
v i t h   r e h t i v e l y   h r g e  hydro-skis. For small, more heavily loaded hydro- 
skis, unless placed il?- an exbremely forwerd position, a nose-Ugh att i-  
tude was a r-ecessity t o  prevent  diving. The ver t ica l  and angular 
acceleratiorrs  decreased w i t h  increase i n  beam loading from 10 up t o  100. 
A n  increase in beam loading above 200 caused e. significant  increase  in 
the -act accelerations  unless  high  incidence w a s  used. The impact 
loads f o r  beam l o d i n g s  of 100 and 200 were apgroximately  the  sane. 
With these hydro-skis, the maximum vertical  accelera%ion w a s  16 percent 
and the maximux E P ! ~  acceleration w a s  9 percent of those Tor the 
basic hu l l  without  hydro-ski. The m a x i m u m  ver t ical  and angular  accel- 
erations appeared t o  be a function of the  product of the  length end 
bean daensions of the hy&ro-ski. 

A decrease i n  lending speed r e s a t e d   i n  Gn appreciable  decrease 
in   the max+hum vertical  accelerations  but,  in  general, had l i t t l e  effect  
on the mzxirnuzn a-n_gular accelerations. The mimm acceleratiocs 
increased w i t h  increase i E  wave height,   but  in  sgite of the  increase 
the  mxixuz  accelerations f o r  the hydro-skF in 8-foot waves  were con- 
siderably  less than- those for the bask hul l  i n  k-foot waves. 

. 
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INTRODUCTION 

The  overall  motions  and  accelerations  imposed  on  seaplanes during 
rough-water  landings  become  nore  severe as the  landing  speeds  are 
increased.  At  landing  speeds of about 120 knots,  the  adverse  effects 
induced  by  these  high  landing  speeds  cppear  large  in  moderately  rough 
water  even  on  configurations  with  high-length-beam-ratio hulls. 

One  solution  to  the problem -osea  by  the  high  landing  speed is 
the  use  of  hydro-skis  for  load  alleviation.  Model and full-scale  expe- 
rience  with  hydro-skis has indicated  that  these  relatively  highly 
loaded  surfaces  provide  impact load alleviatioll  due  to  greater  pene- 
tration  in  waves as well  as  smoother  operation,  localization of the 
water  loads, and additional  vertical  clearance  by  virtue  of  the  sup- 
port strut  for  the  rest of the airplane. 

An investigation has been  made  in  Langley  tank  no. 1 t o  determine 
the  load-alleviating  effects of Ihydro-skis  during  landing  of a model 
having  wing  loadings  of 40, 80, and 120 pounds  per  square  foot  (full 
size)  with  landing  speeds  of 70, 100, and 120 knots,  respectively. 
Landings  were mde into  oncoming  waves  with  various  hydro-ski  configu- 
rations.  The  investigation  was mde to  determine  the  effects  of  varia- 
tions  in  longitudinal  End  vertical  locations,  beam  loading,  length, 
plan fom-, and  incidence of the hydro-ski in adziition to lanaing  trim, 
landing  speed, aerodymmic stability,  and  wave  height. 

L 
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SYMBOLS 

gross-load  coefficient  or  beam  loading, - 
3 wb 

beam of hydro-ski  or hull, ft 

ne=  aerodynamic  chord, ft 

ecceleration  due  to  gravity (32.2) , ft/sec2 
height of wave, -ft 

overall  length  of  hydro-ski,  ft 

landing speed,  knots 

specific  weight of water (63.4 for  these  tests,  usually 
taken  as 64 f o r  sea  water),  lb/cu ft 
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X 

Z 

distance between center of pressure of hydro-ski and 
center of gravity of airplane, ft 

vertical  distance between keel of hydro-ski at t r a i l i ng  
edge and forebody keel of hull a t  step, ft 

% 

TL 

gross load, lb 

lvlding trim (angle between forebody keel a t  step and 
horizontal), deg 

DESCRIPTION OF KIDEL 

A - -s ize  dyr-anic model (Langley tank model 279) w a s  used BS a 

test   vehicle Tor the  iwest igat ion of hydro-skis. The hul l  bzd a 
length-beam ratio of 1.5 and had the same lin-es as  the 1- size  model 
described  in  reference 1. The fo-m, size, and relative  location of 
the ta i l  sursaces corresponded t o  those of the model described in  ref-  
erence 1. In  zddition to the  origil?alwing which had a wing loacing 
of 40 pounds per  square  foot (full  s ize) ,  two additional wings  were 
constructed w i t h  reduced area so thAt the  seaplane had wing loadings 
of 80 and 120 pounds per  square  foot,  respectively. The quarter-chord 
poict of %he mean- aerodynanic chord was the same for  the  three w i n g s .  

1 
12 

10 

The general arrap4emen-t of the  seaplane  with a 124-pound wicg 
loading and w i t h  a hydro-ski  having a beam loading of 200 is s h a m  i n  
figure 1. Pertiaent  characteristics and  dimensions of t h i s  configura- 
tion are given i n  table I. 

Offsets a d  description of the  hydro-skis are given in  table 11. 
The range 02 hydro-ski sizes and shapes is shown in  figure 2 where the 
plan forms of the hydro-skis are superposed on that of the hul l .  The 
hydzo-skis sho-rn in   f igure 2(a) had geonetrically similar pointed bows 
and 60° V t r a i l i ng  edges. The  bean? loading vwied from 5.9 (same 

as  the  hull) t o  600. The length-bean? r a t i o  n r i e d  fro= 3.25 t o  6.12. 
c% 

A s  shown in  f igure  2(b),  two of the hydro-skis were Edified to 
incorporete a transverse  trail ing edge. When the  trailhg-edge  plan 
forn wzs ch~-ed,  the  projected  area of the hydro-skf w a s  held  constant. 

Chine s t r ips  were added to   the  hydro-skis as spray-control  devices 
as   shom  in   kb le  11. These s t r igs  extended from s ta t ion 24; t o  the 

t ra i l ing  edge, had 5' do-m f lare ,   md were one-quarter of a foot wide 

1 
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(full size) for all of  the  hydro-skis,  irrespective  of  the  beam  of  the 
hydro-ski. .. 

All the  hydro-skis  were  attached  to  the  hull  by two rigid  struts  as 
shown in  figure 1 vith  the  exception  of  the  hydro-ski  with a beaz  loading 
of 600, which  had a single  strut. For most  of  the  investigation,  the 
strut  length was selected  such  that  the  keel  of  the  hydro-ski  was 6 feet 
(full size)  below  the  forebody  keel  of  the  hull.  Inasmuch  as  the  pres- 
ent  investigation  was  concerned  primarily  with  alleviation  of  impact 
loads,  and  the maximm impacts,  in  general,  occurred  prior  to  wetting 
of  the struk, the  shape  of  the  struts  was  of  minor  importance. For 
convenience a rectangclar  strut  was  used. 

APPARATUS AND PROCITIXIRE 

The  investigation  was  made  in  Langley  tank  no. 1. A description 
ol" the  tank  and  the  apparatus  used for testing  dynamic  models  is  pre- 
sented  in  reference 2. For these  tests,  the  model was free to trim 
about  the  Divot,  vhich  was  located  at  the  center of gravity,  and  was 
free  to  move  vertically  but  was  restrained  laterally and in  roll  and 
yew.  T'ne  model had 5 feet  of  fore-and-aft  Ifreedon  with  respect to the 
towing  carriage  in  order to abscrb  longitudinal  accelerations  intro- 
duced by the  impacts  and  to pemdt the  model  to  act  as a free  body  in 
the  longitudinal  direction. 

A strain-gage-type  accelerometer  mounted  on  the  towing  staff of 
the  model  measured  the  vertical  accelerations. Two strain-gage-type 
accelerometers,  electrically  connected  in  such a manner tht they 
measured  the  angular  cccelerations  directly,  were  loczted  within  the 
model  with  their  centers  of  gravity  in  line  with  the  model  center  of 
gravity. In the  static  condition,  the  three  accelerometers  read  zero. 
The  frequency-response  curve of the  accelerometer  and  recording  gal- 
vanometer  systen  was  flat  withir? t5 percent  'Detween 0 and 32 cycles 
Der  second. 

Slide-Tire  pickups  vere  used  to  measure  the  trim,  the  rise of the 
center  of  gravity,  and  the  fore-and-aft  position  of  the  model. An 
electrically  actuated  trim  brake,  attached  to  the  towing  staff,  locked 
the  trim of tke  xodel  in  the  air  during  the  initial  approach.  The 
trim  brake  was  automatically  released  when  any of three  contacts  along 
the  keel of the hdl or the  hydro-ski  touched  the  vater.  These  con- 
tacts  were  located  at  the  sternpost  and  step of the hull and  at  the 
stern of the  hydro-ski. 

WaVeS  were  generated  by  t;?e  Langley ta2k no. 1 wave  maker  which 
is  described  in  reference 2. 



A l l  data. were obtair-ed at a gross load corresponding t o  75,000 lb, 
with e. flzp  deflection of 200, and with  the  center of gravity  located 
2.35 f e e t   ( f u l l  s i z e )  forward of the  step. Angles of incidence of the 
keel of the hydro-ski re la t ive t o  the  keel of the hull of Oo, ko, end 
8' end distances between the  keels of  the hydro-ski and the hull of 3, 
6, and 9 feet  (full size) were iwestigated.  

The model was trimned in   the  air t o  the desired lar-dfng trim at a 
speed s l ight ly  zbove flying  sseed and the towing carriage w a s  decel- 
erE-ied at a uniform rate;  this  technique allowed the nodel t o  glide 
onto  the  water and simulate an actual k d i n g .  The landings were made 
without power and the  elevztors were se t  so that the nodel was i n  t r i m  
a t  the i n s t m t  of contact with the  weter.  After init ial   contact  with 
the  v&ter, the model w a s  free t o  t r i m  with  the  elevators remaining 
fixed  for  the remainder or" the  landing run. In  order t o  maintain  longi- 
tudinel Treedcru, the  ra tes  of deceleration of the  toving  carriage were 
aprroximately 7 and 8 feet  per second per secon-d fo r  landing trim of 
8O- md 12O, respectively . 

Landings were made i n  waves 4, 6, end 8 feet  in height (full size) . 
In general,  landings were made in vexes of four  different  lengths. 
With the small, heavily  loaded  hydro-skis,  the  vzriation of accelera- 
t ions  vith wave length  vas smll, znd i n  some cases  only two lengths 
of waves  were used. The range of wwe lengths which w a s  used was 
believed t o  include  the  cri t ical  wave length (weve length at wh: 7ch the 
maxim~m accelerztion  occurred)  for each  configuration. 

In general,  eight landings were made in each wave irasmuch as the 
position of landing on a wave (for  the  init ial   contact as well ES sub- 
sequent  impacts during  the  landing runout) was not under the  control 
of the  operator. The behavior of the model  on landing was observed 
visually, an& a tine  history of the motions was conti=uously  recorded 
throughout the  landing rm. The time  history  included  recordicgs of 
t r i m ,  r i s e  of the  center of grzvity,  fore-and-aft  position,  vertical 
and angular accelerations, and speeti. 

RFSJLTS AND DISCUSSION 

A l l  t e s t  resul-is k v e  beell converted t o  values  corresponding t o  
those of the f u l l - s i z e  seaplene. Unless noted  otherwise, the hydro- 
skis were geometrically similar with a leogbh-beam ratio of 6.12, the 
ar@e of incidence of the  keel of the hydro-ski re la t lve t o  the fore- 
body keel of the  hul l  was zero, the  distance between the  keels of the 
hydro-ski and the  hull  was 6 fee t   ( fu l l   s ize) ,   the  waves were 4. feet  
high, and the wing loadirg was 120 pounds per  square  foot. 
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Basic Model (Without Hydro-ski) 

I n  order t o  illustrate the zmgnitude of the  accelerations and 
xotions of the  basic  xodel  (without a hydro-ski) and t o  provide a 
basis of corrparison fo r  the load-alleviation  effects of hydro-skis, 
the lantiing characterist ics of the  basic model i n  waves are shovn +n 
figure 3. The rziximurr ver t ica l  md angular  accelerations  obtained . 
during each landing are plotted  against wave length  in  f igure 3( a) and 
an oscillograph  record of a typical  landing shoving the motions ir? 
t r i m  end rise i s  presented i n  figure 3(b). The c r i t i c a l  %-ave length 
at which the accelerations reached a maximum for  the  basic model was 
approximately 210 feet o r  a wave length-beight r a t i o  of about 50. A t  
the   c r i t i ca l  %rave length, maximum vertical  accelerations as high as l3g 
and ~ L T ~  angular accelerations as high as 26 radians  ger second per 
second were obtained.. The associated  oscil lations  in  trLx and rise also 
were very  large. 

Effect of Longitudinal  Location of  Hydro-ski 

Typical  results, showing the  effect  of longitudinal  position, are 
presented i n  figure 4 fo r  hydro-skis  having beam loadings of 10 and 
100. With a beam loading of 10, data were not  obtained at the  nost 
rearwzrd position  (x = 12.75 f ee t )  because violent  diving  occurred 
during the landing. The  optimum location appeared t o  be near  the  inter- 
rcediate position  (x = 14.38 feet) .  A t  this location, the ver t ica l  and 
angu1.z.r acceleratiozts  and motions tended t o  reach a ninimun?. A t  the 
rncst forward position (x = 17.65 fee%), the n s x i m u m  angular  accelera- 
t ions vere a-lrpreciably increased.  without a significan-b change in   t he  
maximum vertical  eccelerations. Similar trends were noted fo r  beam 
loadings of 20 and 30. 

With a high beam loading of LOO, tne  trends were generally similar 
to   those with the lower beam-lozdings  but t o  a lesser degree. There 
was l i t t l e   d i f fe rence   in  the accelerations ar?d motions a t  the forward 
end intemediate  positions. A t  the af t   posi t ion (x = 6.92 feet), how- 
ever,  diving  occurred, which, although  not  violent, caused a definite 
increase  in  both  vertical and angular  accelerations ( f ig .  k(a)) and i n  
the t r i m  notions at high speeds (f ig .  k(b)  ), when  comgared with those 
fo r  the  more forniard pcsitions. 

Results of the investigation of longitudinal  positior- are summarized 
in   f igure 5 ,  where the r a t i o  x/L is plotted  against hydro-ski length. 
I n  deterxhing x, the  center of pressure of the hydro-ski w a s  assumed 
t o  be  two-thirds of the lengt'n  of the hydro-ski  forward of the t r a i l i ng  
edge. (See r e f .  3 . )  The curve of figure 5 is fa i red through the  opti- 
mum locations. A t  these  loc&tions,  the  resultmt of the l i f t  and drag 
forces of the hydro-ski acted through or near  the  center of gravity of 



. 
the   a i rplme and the  accelerations and motions tended to reach a nini- 
mum. At locat ions  af t  of the  optbum,  the  resultant  vector was a f t  of 
the  center of gravity and the model tended to dive. A t  locations  for- 
ward of the optimum, the  resultant  vector m s  too f a r   f o m d  of the 
center of gravity and the modelte??-aed t o  balloon  off  the waves. 

EfTect 03 Lamdlng Trim 

Landing investigations of hull-type  seapknes (ref. k )  have shown 
that, f o r  landing trims above 4O, there i s  l i t t l e   e f f e c t  of t r i m  on 
the rough-water behavior. This conclusion, however, does not  hold  for 
& hydro-ski  type of airplane,  where-trirr? was found t o  have a large 
eTfect on the  behavior of the model. 

Typical  results showing the  effect  of landing trim for  beam loedings 
of 10 and 20 are  presented  in  figure 6. An increase  in  landing trim 
fron 8O t o  Eo decreased  the m a x i m u m  ver t ica l  and argular  accelerations 
(fig. 6(a)) and the motiom (fig.   6(b)).  With a beam loading of 30, 
diving was encowtered  during  landings at a trim of 8O even with the 
hydro-ski relatively far Tormrd. Landings at a trim of 12O, however, 
elwnated this diving. These results indicate that a nose-high att i-  
tude throughou% the  landing run is effective  in  reducing  the impact 
accelerations and notions  for  the  larger hydzo-skis  having beam loadings 
less  than 30. For the smaller, more heavily  loaded  hydro-skis, umless 
placed i n  an extrenely forward position, a nose-high at t i tude is  %. 

necessity  to  prevent  diving. 

Effect of Iiydro-Ski Dimemiom 

The effect  of s i z e  of the hydro-ski is sho-m i n  ffgure 7, where 
the maximum vert ical  and angular  acce1erati.ons and the motions are pre- 
sented  for  tnical ,   geometrically  similar hydro-skis  having beam loadings 
from 10 to 600. The ver t ica l  and angulm  accelerations ( f ig  . 7( a) 1 end 
motions (f ig .  7(b)) decreased w F t h  increase  in beam loadCng (decrease 
in size) up to 100. In  this range of loading,  the hydro-sk5 tended to 
plane  during the high-speed portion of the  landing run and reboundlhg 
f r o n t h e  waves was l ike ly   t o  occur. 

A further  increase  in loading t o  200 had no appreciable  effect on 
the  accelerations. At t h i s  beam loading, however, rebound =fer in i -  
t i a l  impact WES regligible, and there was e. gradual  increase  in draft 
or penetration  with l i t t l e  angular motion. In general,  the -act on 
the hull, when Lt  finally  entered the water, was less then t h t  on the 
hydro-skis. 
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It i s  interest ips  t o  note that the  hpact  loads as shown i n   f i g -  
ure 7(a) for  the  planing hydro-ski  (beaz  loadips of 100) and the pene- 
trating  lvdro-ski (beaT loadhg of 200) were approximately the same, 
although  the letter ski had 37 percent less area. For these hy&o- 
skis,  the ~mxi~um vertical   acceleration was 16 percent and the maximum 
angular  acceleration wzs 9 percent of those  for  the  basic  hull .  

An increase  in beam loading from 200 t o  600 (smallest hydro-ski 
investigated) caused the  accelerations  to  increase  again. A t  Oo inci-  
dence, this hydro-ski had t o  be  located a t  an  extrexely forward  longi- 
tuaiml  posit ion  in  order  to  prevent  diving. Beca-dse of t h i s  forward 
position,  the  afterbody becaxe involved in   the  impact along  with  the 
hydro-ski end t h i s  combination resul ted  in  a sigzificar-t  increese  in 
the l r a x i m u m  ver t ica l  End a??gular accelerat: -I ons . 

From the data presented ir? f igwe  7 ( a )  and similar data fo r  addi- 
t iona l  hydro-skis,  including  variations  in hydro-ski length  with beam 
coilstant, beam with area constant, and plan fo-rm or" the   t ra i l ing edge, 
Line  maxiruum ver t ica l  End angular accelerations f o r  each  hydro-ski were 
GbtaineC an& plottea  egainst length.-bean prcdcct of the  verious hydro- 
sk i s   i n  figure 8. 

The use of the product of  the length and beam of the hydro-ski 
&s a parameter resLlted  in a straight-l ine grouping of the  vertical-  
acceleration d&a a t  length-bear! products  greater  than 30. A t  length- 
3eaT pro&icts less than 30, the  data  vzried from the  straight  l ine.  
The maxbu~ angular  accelerations also appeared t o  be a function of 
the length-beam p r o h c t  of the :hydro-ski. 

The  rraximulr, ver t ica l  and  axxgular accelerations reached a m i n i m  
value at a length-beam prcduct of approximtely 30 for  t h i s  particuler 
ser ies  of related hydro-skis. 

Zffect of Landing  Speed 

The effect  of landing speed on t3e rmxirnu? accelerations is  shown 
in   f igure 9 .  The decrease i n  landing  sgeed  resulted i n  an asprecieble 
decrease in   the  maxim-m. vertkal  accelerations  but had l i t t l e  effect  
on the rraximum angular accelerations  except  for  the hydro-ski  with a 
beax  loading of 600, where the mgular acceleratLons were decreased 
apprecFably. These h t a  gyld a brFef investigation of longitudiml 
loczbion  indicate that the same s ize  of hydro-ski  and t'ne same longi- 
tudinal  location may be  use6 for  inpact  load  alleviation  over a wide 
range of landirg speed and :qFng loading. . 
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Effect of Vertical  Location 02 Ilydro-Ski 

The effect  of' tne  vertical  location, which establishes  the  length 
of the  supporting s t ru t ,  was determined for the hydro-ski having a bean 
loading of  200 and the  results are presented i n  figure 10. The m i -  
mum ver t ical  and angulu accelerations  are  plotted  agcinst z/h. These 
data icdicate that the  accelerations  reached a minimum value when the 
vertical  locatioa of the hydro-ski below the hull approximated the 
height of the waves. The motions  and accelerztions  increased  slightly 
when the  vertFcal  spacing WES greater thz~ the  nve  height .   Vert ical  
spacir?gs which were less than  the wave height  resulted  in  greatly 
increased  vertical and accelerations. 

These data were obtained  with a hydro-ski which terded t o  peae- 
trate the vaves with  negligible rebow-d affter i n i t i a l  *act a d  the 
results are cot  necessarily  applicable  to hydro-skis k v l n g  beam 
loadings  such that the hydro-ski  tended to plane and rebound at high 
sseeds . 

Effect of Wave Reight 

mi . ca l   r e su l t s  obtained  for  hadings  in 4-, 6-, and &foot waves 
are  preseated  in  figure 11 Tor hydro-skis hv ing  beam loedings of 30 
and 200. A 6-foot  spacing  betueen  the  keels 03 the   hul l  md sk i  was 
rmlntained  with  the  exception of Landings vith  the  higher beam loading 
i n  8-foot waves,  where a 9-foot spacip% was used. 

The nL=ximum accelerations  ircreased  with  increase  in wave height 
for both beam loedings. IC sp i te  of the  increese in  accelerations  with 
weve height,  the m a x i m u ?  accelerations  in  the  %foot waves were con- 
siderably less than  those for the  basic  hull   in b f o o t  waves. 

The effect  of wave height on the motions i n  t r i m  and rise  vas 
nore pronounced t h n  the  effect on the  accelerations. A s  shown i n  
figure  l l(b),   the notior-s  increased  rapidly  with  increase i n  wave 
height. In 6- and 8-foot waves, the hydzo-ski having a beam loading 
of 200 rebomcleci from the waves with  considerable angular motion 
instead of penetrzting  the waves as when knded in  4-foot waves. 

Effect of Angle or" Incidence 

When the  smallest hydro-ski (Cb = 600) was located  such that the 
- center or" pressure  vas  12.75  feet  forward of the  center 03 gravity and 

kndillgs were made zt an an-gle of iacidence of 00, diving  resulted BS 
shovn In  figure  12(a). With 4' incidence, this divFng tendency w a s  - 
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reduced,  although the  accelerations  (fig.  12(b) ) and the motions 
(fig.  12(a) ) were w g e .  With 8O incidence, the hydro-ski penetrated 
the waves without rebounding  and the accelerations and motions were 
appreciably  reduced. 

This hydro-ski was of particular  interest  because of i t s  rela- 
t ive ly  small s i z e  (8 square fee t  of area for a 7~,000-p0und airplane). 
With this very small and heavily loaded  hydro-ski a t  80 incidence,  the 
impact accelerations were s l ight ly  greater t h n  those for the hydro- 
ski  having a beam loading of 200, but the maximum vertical  accelera- 
t ions were only 21 percent and the maximum angular  accelerations were 
only 11 percent of those  obtained w i t h  the basic  nodel. 

Effect of Aerodynamic S tab i l i ty  

A s  stated previously, t'ne horizontal tail surfaces were not 
decreased i n  area when the w i n g  area w a s  decreased. A s  may be noted 
-ill f igure 1, the t a i l  surfaces  are  relatively  large coxpared with the 
s ize  of the wing having a w i n g  loading of 120 pounds per  square  foot. 
The aerodymmic pitching-moment coefficients for w i n g  loadings of 40 
and 120 pounds per  square  foot with t h i s  horizontal t a i l  are plotted 
against t r i m  in   f igure 13. It w i l l  be noted that the aerodynamic 
s t ab i l i t y  was considerably  greater  for  the w i n g  loading of  120  pounds 
per square foot than  for the w i p g  loading of 40 pounds per  square  foot, 
as Fndicated by the  increase Ln slope of the noment curve. The slope 
of the morcent curve f o r  the w i n g  loading of 120 pounds per square foot 
a lso w a s  considerably  greater  than that for a typical  transonic  design 
having comparable la diag speeds as shown in   f igure  13. 0 

In  order t o  determine the effect  of reduced s t ab i l i t y  on the 
behavior oiT the model durir_g rough-water landings, a brief pre lh inary  
investigation was ride with the wing loading of 120 pounds per square 
foot and w i t h  a small tail ,  which resul ted  in  a moment-curve slope 
similar t o  that shown for the  transocic  design. This preliminary 
investigation  indicatee that the behavior of the model during rough- 
water landings at speeds near 120 knots may be affected  greatly by the 
degree of  aerodynamic s tab i l i ty .  On the  other hand, the  behavior of 
the model w i t h  a w i r ? s  loading of 40 pounds per  square foot end a 
landing speed of 70 knots b d  been very  satisfactory w5th the s t a -  
b i l i t y  shown i n  figure 13 for this lo-ver  wing loading. 

In  the case of the wing loading of 120 pounds per square  foot  with 
a small tai l  a t  a landing speed of 120 knots, the hydro-ski may dive 
after a rebound from a wave. A s  a result of the reduced s t ab i l i t y  and 
lack of t a i l  damping, the  model t r i m e d  down t o  a very low att i tude as 
it approached the water after a rebound. At this att i tude,  the hydro- 
ski did not have sufficient lifl; t o  support t'ne load on the water and 



therefore submerged. Th i s  investigation, however, was made with  fixed 
elevators throughout the  landirg run, and with pilot   control this  unfa- 
vorable trimming down with  the  resultant  dive  possibly  could be pre- 
vented even with a design having l o w  aerodynamic s tab i l i ty .  

Consideration of Hydro-skis as Ditching A i d  

The srr;all size of the hydro-ski  having a bem  loading of 600 has 
an obvious potential  application as a ditching aid fo r  landplanes . This 
hydro-ski had only 8 square feet  of area f o r  a 75,000-p0~nd airplane. 
A hydro-ski of this size could feasibly be ins ta l led   in   the  bottom of 
the  fuselage of a i rc raf t  =king lore; trip over  water. The hydro-ski 
could  be used t o  localize  the impact loads and keeF the  high loads, 
normell-y encomtered  during  the high-speed portion of a ditching, off 
the  fuselage and, thus, would pemxLt the  ditching t o  be  accomplished 
with  the  aircraft  intact. 

Further  reductions in   the   s ize  of the hydro-ski might be possible 
by use of greater  incidence and lower  length-beam ra t io .  

CONCLUSIONS 

The results of the  tank  investigation 03 hydro-skis as load- 
alleviation  devices  for  landing a sezplane i n  waves led t o  the follo-wing 
conclusions : 

1. A nose-high at t i tude throughout the Izxldir?g run w a s  effective 
in  reducing  the impact accelerations end motions of the node1  equipped 
with  relatively  large  hydro-skis. For t'he small, more heavily  loaded 
hydro-skis, unless placed  in an extremely  forward  position, a nose- 
high a t t i t ude  w a s  a Eecessity to prevent  diving. 

2. The vert ical  end angular accelerations  decreased w L t h  increase 
in  beam loading from 10 up t o  100. An increase  in beam loading above 
200 caused E significant  increase in the meet accelerations  unless 
high  incidence w a s  used. 

3. The impsct loads for bem loadings of 100 and 200 were approxi- 
mately the  sane. With these hydro-skis, the naximuu vertLcal  accelera- 
t ion was 16 percent and the maximum anwar acceleration 9 percent of 
those f o r  the basic hu l l  without a hydro-ski. 

4. The naxinum vert ical  aEd angular  accelerEtions appeared t o  be 
e. function of the product of the l e m h  and beam dimensions of the 
hydro-skis. 
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5. A decrease  in  landing  speed  resulted  in  an  appreciable  decrease 
in  the mximum vertical  accelerations  but,  in  general,  had  little  effect 
on the lrs~ximvm angular accelerations.  Apparently  the same' size hydro- 
ski  and  the  same  longitudinal  locction miy be  used for impact  load  alle- 
viation  over a wide  range  of  landing  speed  and  wing  loading. 

6 .  The maximum accelerations  increased  with  increase  in  wave 
height,  but  in  spite of the  increase  the maxim accelerations for 
the  hydro-ski  in  8-foot  waves  were  considerably  less  than  those for 
the  basic  hull  in  &-foot  waves.  The  effect  on  the  motions  in  trim 
and  rise vas more  pronounced  than  on  the  accelerations,  and  the  motions 
increased  rapidly  with  increase in wave  height. 

Langley  Aeronautical  Laboratory, 
National  Advisory  Committee for Aeronautics, 

Langley  Field, Va., September 7, 1956. 
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General: 
Design gross l o d .  lb . . . . . . . . . . . . . . . . . . . . .  75. OOO 
Gross loed coefficient of hull. Cb . . . . . . . . . . . . .  5.88 
W i n g  see, sq f t  . . . . . . . . . . . . . . . . . . . . . . .  625 
Wing loding. lb/sa_ f t  . . . . . . . . . . . . . . . . . . . .  120 

Eull : 
Maximm beun. f t  . . . . . . . . . . . . . . . . . . . . .  
Length: 

Forebcdy. bar . . . . . . . . . . . . . . . . . . . . . . . . .  
Forebody length-beem ra t io  . . . . . . . . . . . . . . .  
Af'terbw. steg .. sternpost. . . . . . . . . . . . . . .  
Afterbody length-beam ra t io  . . . . . . . . . . . . . . .  
O v e r e l l .  bow .. eft perpendicular. ft . . . . . . . . . .  
'Pype . . . . . . . . . . . . . . . . . . . . . . . . . .  
DeDth .. keel. sercent bean . . . . . . . . . . . . . . .  

Tail extension. sternpost .. aft perpendicular. f t  . . .  
Step : 

Depth et keel. i n  . . . . . . . . . . . . . . . . . . . .  
Angle .. forebcdy keel .. base line. de@; . . . . . . . . .  
Angle .. afterbody  keel .. base line. deg . . . . . . . . .  
Angle .. sternpost .. base LiEe. deg . . . . . . . . . . .  
Angle of  dead r i s e  of farebody: 

Zxculding chine flare. deg . . . . . . . . . . . . . . .  
Src le ing  chine flare. deg . . . . . . . . . . . . . . .  

Angle  of  dead .... of afterbody. deg . . . . . . . . . . .  

. . 5.84- 

. . 50.4 . .  8.6 

. .  6.4 

. . u5.1 

Transverse . .  6.3 . .  9 . .  0 . .  5-4 . .  6.2 

. . 37.2 

. . 17.5 

. .  x) . . 16.5 . .  20 

W h g :  
fp .n , f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  81.5 

&an eerodyl?amic chord: 
IlootChOrd. ft . . . . . . . . . . . . . . . . . . . . . . . .  9.1: 

Length. projected. ?t . . . . . . . . . . . . . . . . . . . .  8.0 
Leeding edge aft of bow. ft . . . . . . . . . . . . . . . . .  45.2 
Leeking edge forward of step. f t  . . . . . . . . . . . . . .  5.2 
Leading edge  above base line. f t  . . . . . . . . . . . . . .  15.0 

Angle  of incidence. deg . . . . . . . . . . . . . . . . . . . .  4 

Ifarizontal kil surfaces: 
Aree. sq . . . . . . . . . . . . . . . .  
Angle of stabil izer w i n g  ...... deg .. 
Elemtor .... chord. ft . . . . . . . .  
Length f r o a n  25 percent r ean  aercdynemic 

Height above base  line. . . . . . . . .  

. . . . . . . . . . . . . . .  spa?l.ft, 
Elevator seplispan. . . . . . . . . . . .  

hinge line of elevators. L F ~  . . . . .  

. . . . . . . . . . . .  333 . . . . . . . . . . . .  43.0 . . . . . . . . . . . .  -4 
3.2 . . . . . . . . . . . .  16.7 

chord of wing t o  . . . . . . . . . . . .  49.5 . . . . . . . . . . . .  19.0 

. . . . . . . . . . . .  

> 
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Figure 1.- General arrangenent of' the seaplane with a 12O-pound wing 
loading and with a hydro-ski M v h g  a beam loedfng of' 200. 
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(a) 60' v tr&ling edge. 

Figure 2. - Hydro-ski plan forms. 
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Figure 2.- Concluded. 
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W.va lan&h, It 

angular accelerations. 

(b) Typical  record showing motions in trim  and rise. 

Figure 3.- Landing  characteristics in waves of basic  model  without  hydro-ski. 
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(a) ~ a x i m m  vertical ana anwax accelerations. 

Figure h.- Effect of 1ongitud.inal  location of hydro-ski on landing 
characteristics in waves. 
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Figure 4.- Concluded. 
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Figure 5.- Longitudinal location of various hydro-ski configurationa. 
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(a) ~ a x i m ~ n  vertical. and m a r  accelerations. 

Figure 6.- Effect of landing trim on landing  characteristics of hydro-skis 
in waves. 
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(b) 'Pypical records showing motions i n  trim and rise. Beam loading of 10. 

Figure 6 .- Concluded. 
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(a) Maximum vertical and angular accelerations. 

Figure 7.- mica1 data obtained with hydro-skis during landings in waves. 
Landing trim, I". 
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. (b) Typicel records showing motions in trim and rise. 

Figure 7.- Coacluded. 
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Figure 8.- Variation of maximum ver t ica l  a d  angular  accelerekions with 
length-bean product of the hydro-ski. 
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Figure 9.- 3ffec-t of lending speed on landing characterist ics of hydro- 
sk i s   i n  waves; landing trim, l 2 O .  
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Figure 10.- Effect of vertical  location of hydro-ski on landing  cheracter- 
i s t i c s   i n  waves. %am loading, 200; landing trb,  120. 



Wave height, ft 

Figure U.- Effect of m v e  height on landing characteristics of hydro-skis. 
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(b) Ty-pical records showing motions i n  t r i m  end rise. Beam loading of 200. 

Figure 11.- Concluded. 
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(a) Typicel records showing notions in trFm end rise. x = 12.75 feet. 
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Figure 12.- Effect of mgle of incidence of hydro-ski on landing chnrac- 
teristics in waves. &an XoadFng of 600; landing trb, 120. 



(b) Maximmi verticd and angular accelerations. 

Figure 12.- Concluded. 
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- Figure 13.- Variation 02 aerodynamic pitching-nomxrt coefficient w i t h  trim. 

KhCh - Langley Field. Va. 
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